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STAFF REPORT ON RESOURCE PLANNING __ LOAD FORECASTING

Introduction

Load forecasting is a pivotal element of resource planning. The load forecast drives
the selection of supply and demand side resources over theplanning horizon. However, any
forecast, especially one that makes predictions twenty years in the future, will be in error.
Hence, utilities sometimes make a range of forecasts to develop a flexible set of plans to
deal with uncertainty about the future.

The Commission Staff develops a set of load forecasts as an independent check on
utility forecasts. In his review of planning disasters, Peter Hall [l980, p. 2681 has argued
that multiple teams of experts in a variety of fields should conduct analyses and criticize
each other's work to "guard against too easy acceptance of some single orthodox
interpretation." The purpose of the Staff forecasts is not to argue that one forecast is right
and the other wrong, but to ascertain whether the base case forecasts of the utilities are

. reasonable given forecasts on population, employment, and other factors and given historical
trends in factors affecting the demand for electricity. If the Staff forecasts are consistent
with the utility forecasts, we infer that there are no readily apparent factors that we expect
would cause utility demand to greatly deviate from forecasted future demand. If the Staff
forecasts are not consistent with utility forecasts, we infer that at least one set of forecasts
has not properly considered available information or that the utility is facing a very
uncertain future.

Shannan Maisey, who served as a governor of the Federal Reserve Board, noted that
constant monitoring of data is necessary to make mid-course corrections in plans, because
it is not possible to forecast aspects of complex systems accurately: "Given the high risks
of playing against nature, we may be far better off minimizing our costs by developing better
control and feedback systems rather than trying to improve systems which will be efficient
only if the forecasts are completely correct," [quoted in Kaiunarck, 1983, p. 128]. Thus, utility
resource plans should provide sufficient flexibility to deal with the uncertainty inherent in
load forecasts

1 Fischhoff ct al. [1981, pp. 53-59] identified the qualities desired of an approach to making acceptable risk
decisions and most of these qualities are applicable to resource planning under uncertainty comprehensiveness,
including a ful l review of risks, costs, benefits, options, consequences, values, and data sources; logical soundness,
providing a logically defensible argument consistent with the data, values, and theory, 'm an objective,
reproducible manner; ptnucnirality, meaning that the methods used be pragmatic, applicable to the problem at
hand, to be applied by real people under actual resource constraints; openness to evaluation, to ensure that
important assumptions, values, etc. are not swept under the rugs cornpatibilify with institutions, especially the
utility and regulatory institutions alfeaing the production and delivery of electricity; and conduciveness ro
learning, so that changes in plans can be made as the evidence warrants.
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Sta# Report on Resource Plannbgg -- Load Forecasting

Summary of Utility Load Forecasts

The utilities' long range forecasts of retail MW demand show that growth rates are
expected to average between about 2 and 3 percent per year between 1993 and 2002, except
for Citizens, which expects an average annual growth rate of 3.9 percent (Table 1). Growth
rates in energy sales (megawatt hours) are forecast to be between 2 and 3 percent per year
on average for the period 1993 to 2002, except for Citizens' energy sales which are forecast
to grow by an average of 4.3 percent per year (Table 2) .  No te  tha t AEPCO's forecasts of
retail demand by Class A members are affected by the expected loss of a large mining load
in 1998. Demand figures assume no additional DSM; thus demand pertains to the demand
for electric energy services which can be met through production of electricity or demand
side management.

Table 1
Utility Forecasts of Growth Rates of Retail Demand (MW)

* Pertains to retail sales by Class A members.

Staff Forecasting Analyses

Staffs Econometric Forecasts- We conducted analyses of demand for the period 1993
to 2002 to provide an independent assessment of future demand. We used utility filings for
historical consumption data and other sources such as the Department of Economic Security
for historical population and employment data. Our principal demand forecasting approach
was econometric models of MWh sales. Due to limited time and data availability, we have
not completed forecasts using our end use modeL

I'plo8d.u(t 2
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I AEPCO* 1993 2002 2.1 2.2

i APS 1993 2001 2.8 3.0

i Citizens

I SUP
1993 2002 4.3 4.6

1993 2002 2.7 2.4

. TEP 1993 2002 2.9 2.2

Stajff Report on Resource Planning -- Load Forecasting

Table 2
Forecasts of Growth Rates of Retail Energy Sales

* Pertains to retail sales by Class A members. Staff forecast excludes Anza.

Our econometric forecasts are compared with the utility forecasts in Figures 1
through 6. As stated above, demand is defined to be the demand for electric energy services
which includes demand met by electricity production and by demand side management.
Thus, retail sales are analyzed without the effects of additional planned demand side
management. We conclude that ApS's, SRP's, and Citizens' forecasts are consistent with
ours. TEP's forecast, however, shows a considerably higher growth rate than ours in the first
five years, which appears to be due to TEP's relatively high industrial sales forecast for that
period. This may indicate that TEP is facing greater uncertainty about future demand than
some of the other utilities. We invite TEP to help clarify the gap between the forecasts for
industrial sales.

AEPCO's forecast for retail sales by Class A members, (Figure 5) is also consistent
with ours. The difference between the Staff and AEPCO forecasts in Figure 5 may be
largely attributable to Anza's demand; we excluded Anza from our forecast but AEPCO's
forecast includes Anna. Alternative forecasts should be considered for AEPCO to reflect
uncertainty about future mining load. AEPCO's forecast incorporates a new mining
customer in 1997 and the loss of a mining customer in 1998. Figure 6 illustrates three
alternative Staff forecasts. Forecast A assumes that existing mining customers are retained
and no new mining customers are added. Forecast B assumes loss of an existing mining
customer and no new mine is added. Forecast C assumes that existing mining customers
are retained and that one new mine is added.
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Sta# Report on Resource Plalming -- Load Forecasting

Our expected growth rates for each utility's sales are included in Table 2. We expect
sales growth to average between 2.2 percent to 3 percent per year, excluding Citizens.
Citizens' growth is considerably higher than the other utilities due to continued high
customer growth in the Mohave area. The growth rates are within 0.3 percentage points of
the utilities' energy forecasts with the exception of TEP. TEns forecasted growth in the
first 5 years is considerably higher than Staffs, but in the remaining years the TEP and Staff
growth rates are about the same, as indicated by the slopes of the lines in Figure 4.

Staffs Econometric Forecasting Models. The framework of our econometric model
is a regression analysis for each utility that explains electric demand (megawatt hour sales)
as a function of determinants of consumption, such as electricity and gas prices, weather,
population, and employment. Regression equations were estimated on time series using
SAS Econometric Time Series programs." We prepared forecasts of total retail sales based
upon both annual data and monthly data Forecasts were also prepared by customer class
for APS, TEP, and Trico Electric Cooperative, one of AEPCO's member cooperatives?
Generally, no significant differences occurred between annual versus monthly forecasts, or
between total retail versus aggregated customer class forecasts. Results of the regressions
with the strongest results are presented in Tables 3 through 7.

The dependent variables are megawatt hour sales for the customer class. indicated
'm the tables. The tables also indicate whether monthly or annual data were used 'm the
regression model. Data sources for megawatt hour sales are utility historical data filings,
utility annual reports, and monthly utility fuel reports.

I
I
I
I

prices.

The key variables used to forecast MWh sales are typically cooling degree days and
heating degree days (CDDs and HDDs), employment, number of customers,' and energy

Nonutility data sources are indicated at the end of this report. Annual

2 The Yule-Walker method was used to estimate the time series equaltiocns and make eorreciions for auto-
conelation.

3 AEPCO's retail load (in Arizona) is the sum of the retail loads for Trice, Sulfur Springs Valley, Graham

County, Mohave, and Duncan Valley Electric Cooperatives.

4 Data on number of customers were obtained from utility historical data Slings and monthly fuel reports.

Gas prices are eurprcssed `m constant 1987 dollars per thousand cubic feet and electricity prices are cents.5

per kilowatt hour in constant 1987 dollars. Gas and balearic knees arc average annual prices. Data sources for
electric utilities are utility historical data filing; for resource planning, utility annual repllrts, and monthly utility
fuel reports. Data sources for gasutilities are utility annual reports. We expect that the eoeilicient of the price

rp1oad.txt 7



Staff Report on Resource Plaining -- Load Forecaning

employment and population forecasts were obtained from the Arizona Department of
Economic Security (February 1993). We used historical monthly employment data from the
Department of Economic Security to estimate seasonally adjusted monthly employments

In some cases a time trend was used, in which the Gist period is 1, and subsequent
periods are numbered sequentially. We adjusted cooling and heating degree days to utility
billing cycles and weighted utility populations in weather areas served. Normal weather .
(defined here as a 10 year average of CDDs and HDDs) is used to forecast sales_" We also
analyzed number of customers by regressing the annual number of customers on population
and a trend variable and then applied this relationship to forecast the number of customers.
Finally, we assumed that electricity and natural go prices would remain constant in real
dollars over the forecast period.

Conclusions and Recommendations

We find that, with exception of TEP, our load forecasts are consistent with the utility
forecasts for the next ten years. The differences between the Staff and TEP forecasts may
be due to considerable uncertainty about industrial development in TEP's service area. We
invite TEP to help clarify the gap between the forecasts for industrial sales. Because TEP
is not planning to add any supply side resources until 2002, there is no immediate practical
effect of a possible overestimate of demand that cannot be rectified in future load forecasts
and resource plans. In addition, we believe there is considerable uncertainty regarding
AEPCO's future load because of uncertainty about mining loads. To a large extent,
AEPCO's member cooperatives can manage that uncertainty as they negotiate special

of electricity will be negative, indicating tlzat consumption declines as price incases. IN most cases gas is a
substitute for electricity as indicated by a positive coe$cieut on the priceof natural gas; however, 'm some cases
gas appears to be a complement to eledxicity as indicated by a negative eoehicient on the price ofnatural gas.

6 Dummy variables were used to account for marked changes in usage in some sectors. The changes could
be due to loss or gain of a large customer or to reclassification of customers. This variable is termed structural
dummy in the tables and may be disaggregated to retlea increases or deceases in usage. For forecasting the
gross state product (GSP) of mining, we assumed that the future growth rate would be equal to the growth rate
0f mining Gsp over the period 1984to 1989 (about onepereentperyear).

1 Normally, one would expel the signs of the cncllidcnts ofCDD and HDD to be positive indicating that
hotter summers or colder winters are rlssodatcd witir great electricity use. However, for those small utilities

which have relatively large mining loads (Duncan Valley Electric Cooperative, and Trice industrial customers),
ac found that the coeMcients d CDD or HDD have the 'wrong' sign. Based upon monthly electricity
consumption from individual mines, 'we surmise that there can be a seasonal pattern to mining operations
(including solution pumping) whicir may explain the unexpected signs al' CDD or HDD.

rpload.txt 8
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contracts with mining customers.

We also are concerned about the difficulties of implementing end use forecasting
models. End use models, such as Staffs model, SHAPES-PC, can provide additional insight
into load growth. However, for such a model to be most useful, detailed data are required.
Therefore, we strongly encourage utilities to increase their collection of end use load data,
to obtain commercial and industrial energy sales data by Standard Industrial Classification
(SIC) category, and to collate that information with data on commercial and industrial
customers such as number of employees in each SIC category. The ability of a utility or
anyone to forecast demand well for commercial and industrial customers depends on having
such disaggregated data We recommend that the utilities coordinate with Staff their efforts
to collect the data described above and that the utilities include the data described above

. in their annual resource planning data Filings.

rp1oad.txt 9
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Table 3

Regression Analyses of APS' MWH Sales by Chlstomer Class

(Dependent variable is MWH sales)

* dgnifncant oz 10% keel l l m see levu `\'gnifioant at 1% level
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Table 4

Regression Analyses of MWH Sales, Citizens and Duncan Valley Electric Cooperative

(Dependent variable is MWH sales)

I

* significant at 10% level °"' significant at 1% Ievcl

¢) Summer dummy I 1 for August and sqnennber for Gtizcns Mohave, and - 1 for July - September for Citizens Samoa Cruz
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Table s

Regression Analyses of MWH Sales, Graham County, Mohave,
and Sulfur Springs Valley Electric Cooperatives, and SRP

(Dependent variable is MW H sales)
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Table 6

Regression Analyses of TEP's MWH Sales by Customer Gauss

(Dependent variable is MWH sales)

' significant oz 10% level '°  signifean: at 5% keel

8) Summer dummy == 1 in commercial sector equation i f  month is July or August;
August, or September.

"* sig\iBcant at 1% level

= 1 in xesidcntid equation if month is July,
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Table 7

Regression Analyses of Trico's MWH Sales by Customer Class

(Dependent variable is MWH sales)
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In 1989, the Arizona Corporation Commission adopted rules
for resource planning. These rules require electric utilities with
generating facilities to submit resource plans every three years. The
utilities subject to the resource planning rules are Arizona Public
Service Company (ANS) , Tucson Electric Power Company
Arizona Electric Power Cooperative (AEPCO), a generating and
transmission cooperative, and Citizens Utilities Company (CU
In addition, SaltlRiver Project (SUP) has voluntarily participated m
the Commission's resource plaining process to help the Com mission
develop a statewide overvlevr of electric utility issues..

The current resource plans were due to be filed with the
Commission on December 31, 1992, although some were filed later
to allow the siesta cqmplafe their analyses. Copies of the utility

filings may'bq.fnand'ai Dffdief Control, in Docket N0.-U-0000-93-
951 f .

This volume ES' end offsix volumes of the Cnmmissiun Stay's
1998 resource planning report. The six valurrw are:

1) Introduction and
2) Historitai Data
3) Load Forecasts
4) Demand Side Management
5) Supply Issues
6) Appendices
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STAFF REPORT ON RESOURCE PLANNING
INTRODUCHQN AND OVERVIEW

This volume presents a summary of the Staff analysis of the resource plans submitted
by Arizona Public Service Company(APS), Arizona Electric Power Cooperative (AEPCO),
Tucson Electric Power Company (TEP), and Citizens Utilities Company (Citizens) as
required by the Arizona Corporation Commission's resource planning rules (A.A.C. R14-2-
701 to R14-2-704). Salt River Project (SRP) also provided the Commission with resource
planning data although it is not subject to the CommissionS resource planning axles.

The purpose of resource planning is to the total societal costs of meeting
the demand for electric energy services such as space heating, space cooling, torque, and
lighting. This god can be achieved by Ending the mix of supply and demand side resources
that minimizes soc*iety's costs.

Our analysis of resource planning is summarized 'm the above Figure. We examine
alternatives affecting resource planning regarding demand factors (population, the economy,
appliance trends, etc.) and conduct our own load forecasts, using econometric and end use
analyses as an independent check on utility forecasts. We identify alternative demand side
management (DSM) measures (such as energy efficient lighting, energy efficient motors, and
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Stag? Report on Resource Planning -- Imnoduction and Overview

shade trees), review the costs and benefits of these measures, analyze marketing of DSM
measures, and evaluate incentives for utilities to cony our DSM. We also evaluate the
capacity costs and operating costs of alternative supply side resources over the life cycle of
the resources, including a comparison of renewable resource technologies with conventional
fossil-fuel resources. Util ity system reliability is also assessed. The analysis of
environmental externalities has not yet begun but the Commission Staff is developing mies
based on the recommendations of an Externalities Task Force report prepared during 1992.

The summary in the
following pages highlights major
findings of our analyses. For
more detail and for a discussion
of additional topics, the reader is
referred to the remaining
volumes i n our report .
Additional recommendations
may also be found in the other
volumes.

Supply Side

Between 1993 and 2010,
Arizona uti l i t ies plan to add
about 2285 MW of new
generating capacity at a cost (present value) of $812 million. The Erst unit to be added is
a 75 MW gas-fired combustion turbine to serve Citizens starting in 1996.

Most of the planned capacity to be
added between 1993 and 2010 is gas-fired.
Combined cycle units comprise nearly half
of the planned additions, combustion
turbines account for about 25 percent of
the new capacity, caseload units comprise
15 percent of the new capacity and the
remainder consists of increasing the
capacity of existing plants (uprating) and
the use of other technologies, including 10
MW of photovoltatics and 2 MW of fuel cell
production.
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Renewables versus Gas-
Fired Resources. According to
U.S. Department of Energy and
Gas Research Institute forecasts,
the real price of natural gas is
likely to double over the next 20
years. Untbrtunately, it appears
that the utilities do not plan to
hedge their bets on future power
plant technologies by diversifying
their resource choices. We
conclude that the potential for
large real (inflation adjusted)
price increases for natural gas is
sufficient to warrant further
consideration of renewable
resources, especially solar thermal resources.

Common forms of renewable energy resources include: photovoltaic; solar thermal
resources such as parabolic troughs, parabolic dishes, and central receivers, windrower,
biomass consisting of wood, wood waste, agricultural waste, municipal solid waste, and
landfill and digester gas; geothermal resources, including hydrothermal resources and hot
dry rock; and hydropower.

To compare the possible costs of renewable resources with conventional resources,
it is necessary to undertake a systematic review of the possible events which affect costs and
the chances of those events
We conducted an illu.s~tnalrive decision analysisof the life cycle costs of a combined cycle unit
and a solar thermal central receiver to come on line in 2003. The illustration takes into
account two possible level of performance of combined cycle plants (represented by heat
rates), four levels of natural gas costs, and four levels of capital costs of a solar central
receiver plant. The analysis is summarized on the next page as a decision tree. Each of the
performance and cost levels is assigned a probability of occurring (as indicated by the value
of p) and the average or expected values of the costs of the combined cycle unit and solar
central receiver are calculated. In the illustration, the expected value of the costs of the
combined cycle unit is higher than the expected values of the costs of the solar central
receiver ($237 million versus $226 million over the life assumed 30 year life of the plants).
Although the decision analysis is illustrative, it suggests that solar thermal power could be
cost competitive with natural gas fired plants or even cheaper than natural gas fired plants.

occurring, Decision analysis offers such a systematic review.
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Because of the utilities'
dependence on gas fired capacity
and the potential cost savings
from renewable, we recommend
that the Commissions

0 Allow cost recovery for
prudent investments in
renewable generation
demonstration projects.

Q Approve set asides for
renewable resources of 40
MW each for AEPCO
and Citizens and 160 MW
each for TEP and APS to
be added by 2009; this
level of investment in
renewable is large
enough to contribute to
the utility's capacity and
is within the time frame
of planned capacity
additions.

4 Allow utilities IT recover
the costs of set aide
renewable resources
(witllin limits on the cost
per kW).

Illustrative Decision Tree

0 Require utilities to
include in their next resource plans (to be Bled in 1995) explicit discussion of their
research and development activities regarding renewables.

We also recommend that a study group composed of Staff and other parties to the
resources planning docket be created to:

4 develop a better understanding of how to evaluate the benefits and risks of gas Fred
plants and renewables,

rpintro.t:n 4
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4 develop a risk benefit analysis of a generic combined cycle unit, a generic solar unit
and possibly generic wind turbines to improve our understanding of how to conduct
such an analysis, and

9 develop suggestions on bow utilities should analyze the risks and benefits of
renewables.

Payments for Purchases from Oualifled Cogenerators and Small Power Producers.
Under the Public Utility Regulatory Policies Act of 1978, utilities are obligated to purchase
energy and power from qualifying cogenerators and snnall power producers at rates up to
the utility's avoided costs. Utilities have not offered capacity payments for purchases of
power from qualifying facilities, however. In its previous resource planning order, the
Commission ordered the utilities to file proposed capacity and energy rates for purchases
from qualifying facilities in their 1992 resource planning filings. Only APS Hled capacity
rates.

We developed capacity payments for qualifying facilities offering power starting in
1994 based upon deferral of the next power plant planned by each utility assuming contracts
of various lengths and considering whether the qualifying facility wants payments to begin
in 1994 (up-front payments) or is willing to wait for capacity payments until the year the
utility would otherwise need to add capacity. The present value of capacity payments should
equal the present value of the defend of capacity costs. Table A summarizes the capacity
payment streams. We recommend that utilities submit values for capacity payments for Staff
review and approval using the principles underlying the values in Table A within six months
of the date of the decision in this resource planningdocket. The values in Table A (or Staff
updates of these values) should be used if the utility does not submit the capacity values.
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Table A

ESTIMATE OF TIE VALUE OF OAPACITY
OFAOONTRACTWITHAQFOROTHERSUPPLIER

ComradeStauxiang in 1994

Agulnpti0ns;

9

o

o

O

o

o

Assumes small QFs (e.g. projeas whose total capacity in 1993 for any utility is less than the
capacity of the next planned utility unit).
If up-front payments are required, equal payments will be made each year of the contract
starting 'm 1994; the present value of thestream of payments is the present value of capacity
deferral savings.
If no up-front payments are required, equal payments will be made each year starting in the
year the utility would otherwise need capacity; the present value of the stream of payments is
the present value of capacity deferral sowings.
Cos assumed to cost $536 per kW in 1994 dollars if iustadled in 1994; CCs assumed to cost
$771 perkW in 1994 dollars if installed in 1994; life of units = 30 years.
Avoided Fixed O&M costs due to deferral assumed to be $3.21/kW for CTs and $10.71/kW for
CCs (1994 dollars).
Inflation assumed to be 3.5 percent per year; real interest rate assumed to be 7 percent.
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Demand Forecasts

The utilities' long range forecasts of retail MW demand show that growth rates are
expected to average between about 2 and 3 percent per year between 1993 and 2002, except
for Citizens,which expectsan averageannual growth rate of 3.9 percent (Table B). Growth
rates in energy sales (megawatt hours) are forecast by the utilities to be between 2 and 3
percent per year on average for the period 1993 to 2002, except for Citizens' energy sales
which are forecast to grow by an average of 4.3 percent per year (Table C). Note that
AEPCO's forecasts are affected by the expected loss of a large mining load in 1998.
Demand Ir defined to be the demand for electn'c energy services which includes demand met by
elecmlcity production and by demand suckle management.

Table B

Utility Forecasts of Growth Rates of Retail Demand (MW)

a Pertains ro retail sales by all Class A members.

We conducted an analyses of demand for the period 1993 to 2002 to provide an
independent assessment of future demand using utility filings for historical consumption data
and other sources such as the Department of Economic Security for historical population
and employment data and for forecasts of factors which affect the demand for electricity.
Our principal demand forecasting approach was econometric models of megawatt hour sales.
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Table C

Forecasts of Growth Rates of Retail Energy Sales

* AEPCO's forecast pertains to retailsalesby all Class A members; Staffs forecast excludesAnza.

Our econometric forecasts are compared with the utility forecasts in the Figures on
the following page. As stated above, demand is defined to be the demand for electric
energy services which includes demand met by electricity production and by demand side
management. We conclude that APS's, SRP's, and Citizens' forecasts are consistent with
ours. TBP's forecast, however, shows a considerably higher growth rate than ours in the Erst
Eve years, which appears to be due to TEns relatively high industrial sales forecast for that
period. This difference in forecasts may indicate that TEP is facing greater uncertainty
about future demand than some of the other utilities. We invite TEP to help clarify the gap
between the forecasts for industrial sales.

AEPCO's forecast is also consistent with ours,' although alternative forecasts should
be considered to ref lect uncertainty about future mining load. AEPCO's forecast
incorporates a new mining customer in 1997 and the loss of a mining customer in 1998. The
figure labeled "AEPCO: Staff Retail Energy Forecast Scenarios" illustrates three alternative
forecasts. Forecast A assumes that existing mining customers are retained and no new
mining customers are added Forecast B assumes loss of an existing mining customer and
no new mine is added. Forecast C assumes that existing mining customers are retained and
that one new mine is added.

1 The gap between the StaE and AEPCO forecasts is probably la;-gely due to Staffs exclusion of sales by
Anna; AEPCO's forecast includes sales by Anna.
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Our expected growth rate for each utility's sales is included 'm Table C. We expect
sales growth to average between 2.2 percent to 3 percent per year, excluding Citizens.
Citizens' growth rate is considerably higher than the other utilities due to continued high
customer growth in the Mohave area Our forecasted growth rates are within 0.3 percentage
points of the utilities' energy forecasts with the exception of TEP. TEP's forecasted growth
'mthe first 5 years is considerably higher than Staffs, but in the remaining years the TBP
and Staff growth rates are about the same, as seen in the slopes of the graphs.

Demand Side Management

Current Programs. The major DSM programs currently underway in Arizona are:

4 Commercial sector lighting programs in which inefficient lighting is replaced by more
efficient lamps and ballasts, in which adequate lighting levels are maintained through
decamping and installation of reflectors, and in which lighting is controlled by
occupancy sensors and dimmers.

4 Education programs aimed primarily at school children.

4 New home programs aimed at meeting energy efficient mortgage performance
standards for the entire house allowing builders to substitute among efficiency
measures to meet the standard, some programs have focused only on heat pump
efhdency upgrades, however.

4> Residential retrofit programs, currently focused on upgrading the efficiency of heat
pumps.

4 Residential audits 'm which the consumer ills out a form and receives an audit by
mail; on-site audits may be conducted if requested by the consumer.

o Tree planting to create shade on sunstruck sides of buildings and thereby reduce
space cooling needs.

9 Energy efficient motors.

The utilities have not completed mom'toring of savings from their pre-approved DSM
programs. Savings based on engineering estimates for the largest programs in 1992 are
presented i n Table D. Engineering estimates may be grossly in error because customer
behavior may alter the expended performance of the measure and because on-site conditions
may vary from those assumed in making the engineering estimate. Thus, the savings
estimates are to be considered as preliminary and monitoring results may be different.
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'nnbu D

Engineering Estimates of Savings From Major DSM Programs

(as of December 31, 1992)

S0111'C¢S1

Arizona Public Service Company, Annual Report on the Energy EEdency and Solar Energy Fund, March 31,
1993, as revised June- 7, 1993, July 27, 1993, and September 14, 1993.

Want Eledlic Power Company, Annual DSM Progress Report, pages 111-139 in TEP's April 1, 1993 historical
am ming 'm Docket No. U-0000-93-052.

Arizona Blecuic Power Cooperative, Semi-Annual StatusReport for Demand-SideManagement Programs for
the Period Ending December 31, 1992, and responses to questions dared February 3, 1993.

Assumes avddanoe of 5% losses.

b radial y¢ar am <>==1y.

c

I

Staffs preliminary estimates of savings are lower. 777 kW and 1134 MWH (partial year). Staff assumed
basdincismon: encrgyeftident thazAPSassumes.

4 StaE estimates of savings assuNniiug 90 percentprobabilitylights are on at any hour, additional 10 percent
savings attributable to reduced space cooling needs, and 8.57 percent line losses avoided

e StaB` estimates.
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Utility progress on monitoring and program evaluation is hard to judge since
monitoring efforts are still underway. However, there seems to be varied attention paid to
the importance of assessing how well a program is worldng in the Held. We recommend
that utilities give the highest priority to monitoring and evaluation, including evaluation of
kW and kph savings and process evaluation, in their DSM efforts.

Projections ofDSM. Utility projections of DSM power savings are about 1160 MW
between 1992 and 2010. The graph reflects additions to DSM already in place. Overall,
through 2010, additions of DSM are about one quarter of the projected growth in demand
(where demand consists of retail demand plus energy services met through DSM).

Evaluation ofDSM. We
evaluated several DSM measures
and found the following:

1) High eEEciency motors
are generally cost
effective relative to
motors of standard
effndency.

2) Energy efficient lamps
and reflectors are
generally cost effective in
commercial buildings;
electronic ballasts may or
may not be cost effective
relative to energy efficient magnetic ballasts, however.

3) The cost-effectiveness of thermal (cool) storage is difficult to establish given the
data available; however, some thermal storage projects do not work as well as
expected.

4) Residential retrofit program success depends on targeting of houses. Savings
from residential retrofit measures are critically dependent on the type of cooling used
in the house (air conditioning or heat pumps versus dud cooling using an evaporative
cooler and an air conditioner orheatpump), house size and window characteristics
of the house. In particular, on houses with only an air conditioner or heat pump,
savings are much larger if the house has single pane Windows. For houses with dual
cooling, savings are larger for larger houses, for houses with a small proportion of the
west facing wall in Windows, and houses with a greater fraction of the walls (except
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the west facing wall) in Windows. The impacts of structural features probably derive
from behavior of the occupants, reflecting differences in consumers' taldng back some
of the savings due to the conservation measures in the form of cooler indoor
temperatures. Generally spealdng, energy savings tend to be the largest in houses
that were the least energy efficient prior to the conservation treatment.

5) On carefully targeted houses, added attic insulation (in houses with low levels of
insulation) and shade trees are cost effective retrofit treatments.

6) Air conditioners and heat pumps with SEERs (seasonal energy efficiency ratios)
higher than about 10 are generally not cost effective given the current high prices of
incremental improvements of SEERs above about 10 (the minimum efficiency that
can be manufactured).

7) DSM programs aimed at low income households should be carefully targeted so
that society's benefits from reduced energy and power usage are greater than the
incremental costs of undertaldng such programs and so that low income customers
see a sjgniicant savings on their electric bills. Thus, the kinds of cost effective
residential retrofit measures cited above (insulation and shade trees) could be offered
on targeted houses in low income areas.

8) Utilities should consider a design team approach to new commercial buildings to
encourage the construction of energy efficient new buildings.

Incentives (Q Utilities to Engage in DSM. To help remove Financial disincentives to
utilities for engaging in DSM, it may be necessary to compensate the utility so that it is
indifferent between traditional supply side resources and cost effective DSM. Relative to
traditional regulation, a DSM program will have to ensure timely recovery of program costs,
and a return equivalent to what the utility would have received from regulatory lag
(increased sales between rate cases minus variable costs, i.e. net revenues) and from
ratebasing future generating, transmission, and distribution capacity that will be deferred or
avoided as a result of DSM.

Financial barriers to DSM have led the Commission to develop mechanisms for
program cost recovery, recovery of lost net revenues, and recovery of a prost or reward to
make the utility indifferent between traditional supply side resources and DSM. Table E
summarizes the status of such mechanisms for pre-approved projects."

z APS is the only utility currently authorized to receive a reward or profit for successful DSM. For pre-
approved DSM measures (which are likely to be cost-effective), APS receives a reward whose present value is
approximately equal to the present value of the deferred return on new capacity which was deferred as a result
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Tabla E

Monetary Incentives for Utilities to Engage 'm DSM
(applies to pre-approved DSM projects)

1) program costs pertain to costs, any equipment costs, the value of rebates or other
Ernandal incentives offered to consumers, and monitoring and evaluation costs.

2) In the pending rate case (Docket Nos. U-1933-93-006 and U-1933-93-066), Stay has recommended
recovery of lost net revenues when saving an be demonstrated and has recommended that cost
recovery be included inbase rates.

3) Costs of pre-approved AEPCO programs arepaid for by AEPCO and passed along to all AEPCO Class
A member cooperatives through AEPCO'spurchased power and fuel adjustor.

4) Pertains to pre-apprmved programs that are not part of 1°kEPCO's pre-approved programs.

of the DSM project. The reward is paid out over the lifetime of the DSM project on a dollar per kW deferred
basis. The payment per kW defend declimncs over time similar to the declining interest component on a

mongagn.
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Development o f  incent ives  for  u t i l i t ies  is  s t i l l  evo lv ing and we be l ieve that fur ther
exper ience with var ious approaches is  needed before the most appropr iate incentives can
be determined. For  example, the magnitude of any incentive, the durat ion over which it is
paid, whether  a min imum level  o f sav ings should be achieved before an incentive is  paid,
and  d isagreements  abou t  kW and  kph  sav ings  be tween  the  u t i l i ty  and  the  Commiss ion
could al l  influence the effectiveness of incentives.

DSM and  the  Energy  P0 l i¢y  Ag ;  o f 1992. Sect ion 111 of the Energy  Pol icy  Ac t o f
1992 pertains to integrated resource plnnr l ing and demand s ide management. In par t icular ,
several standards are added to the Public Uti l i ty Regulatory Polic ies Act of 1978 ("PURPA,"
16 USC 2621) :

4> Electr ic  ut i l i t ies  must engage in integrated resource planning.
I
|
I

4 DSM should be at least as profi table as supply  s ide investments, ta ldng into
account los t net revenues resul t ing from DSM.

0 DSM programs must be moni tored and eva luated.

We be l ieve the Commiss ion has  cons idered these s tandards  through i ts  resource
planning rules (A.A.C. R14-701 et seq.)  which have been in effect s ince 1989 and through
rate case decis ions c i ted in Table E.

Administrative Recommendations

Afte r  rev iew ing  u t i l i ty  resource  p lans  fo r  bo th 1989 and 1992, we bel ieve several
gener ic  improvements  can be made. In  par t icu lar ,  we propose the fo l low ing features  for
fu ture p lans  f i led w i th  the Commiss ion:

9 Each plan should have a comprehensive, self-explanatory load and resources
table summar iz ing the ut i l i ty 's  p lan.

0 Each p lan should have an easy- to- read, br ief executive sumlnnlary  that w i l l
in form the pub l ic about the uti l i ty 's plan; the load and resources table should
b e  i n c l u d e d i n  the  execu t ive  summary . The  ex ec u t i v e  s ummar y  c an  be
prov ided to  people request ing copies  of the ut i l i ty  p lans  ins tead of copy ing
v o l u m i n o u s  t e c h n i c a l  i n f o r m a t i o n  t h a t  i s  o f  l i t t l e  v a l u e  t o  i n d i v i d u a l s
interested in a non- technical  repor t.

4 Voluminous computer  output is  d iscouraged; i t  is  usual ly  incomprehensib le,
i t  needs in terpretat ion, and it wastes paper.

rp intr0.tx1 15



Staff Report on Resource Plannbgg -- Introduction and Overview

Q The plan should be in the form of a narrative leading the reader to logical
conclusions and supported by tables, graphs, charts, etc. Disjointed
discussions of topics that do not lead to conclusions do not enhance the
reader's understanding of the utility's plans.

9 Each plan should be indexed to indicate where the 511n8 requirements can be
found (see APS' plans for an example).

4 Terms should be defined as they are used by the utility; for example,
different utilities use the term "forced outage rate" differently and it is not
always clear whether demand includes or excludes sales for resale. To avoid
confusion, it is better to be clear.

4 Utilities should strive for consistency in data and assumptions throughout their
plans.
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